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ÅJets and Winds

Åe-MERLIN Survey

ÅUCHII Regions

ÅCORNISH Surveys



Staff at Leeds

Å8 Academic staff in Astrophysics Group

ÅAll work mainly on star and planet formation

Å4 observers covering radio, mm and opt/IR wavebands

Å4 theorists doing numerical simulation 

Å5 Postdoctoral researchers

Å15 Postgraduate researchers

ÅLinks with Schools of Applied Mathematics and Chemistry



Krumholz et al (2007) 3D AMR radiation-hydrodynamics

Massive Star Formation



Accretion Discs & Ionized Jets

Cep A2 (Patel et al. 2005)Kuiper et al (2015) 



e-MERLIN

Å6 x 25 m + 1 x 76 m dishes

Å200 km baselines

Å40 mas resolution at 5-7 

GHz

ÅLegacy Survey Programme 

on Feedback in Massive 

Star Formation

ÅExamine jets and winds as 

a function of age



Initial Results

ÅHighest resolution cm-wave view of a high-mass 

protostellar jet to date

ÅTest driving and collimation mechanisms



Magnetic Fields via Masers

Cep A2 (Patel et al. 2005)

Jet speed ~ 500 kms-1 from proper motions

Methanol maser polarization 

giving 3D B field

(Vlemmings et al. 2010)



Spectral Index Maps

TheRMSsurvey: A search for ionized jets towards massiveyoungstellar objects 25
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Figure B3. The 9GHz radio contours overlaid on an RGB (8.0Õm,

4.5Õm and 3.6Õm) composite image of existing GLIMPSE data for

G310.1420+00.7583A. Contours step up from 4ůby a factor of
ã

3 per

level and negative (-4ů) contours are dashed. Other annotations have the

same meanings as in Figure C1.

may be suggestive of a second source in the region, or a working surface

locatedin thecavity walls, which the edgesof the ionized jet act upon.

G310.1420+00.7583A

This source is associated with IRAS 13484ï6100 and is in close proxim-

ity (Ḑ 8ǋǋoffset) to a cometary UCHII (G310.1420+00.7583B). Different

masing species (OH, H2O and CH3OH at 6.7 GHz) have been detected to-

wards this source (Walsh et al. (1998), Urquhart et al. (2009) and Green

et al. (2012) respectively). Caratti o Garatti et al. (2015) observed IRAS

13484ï6100in the near infrared and detected two knots of H2 emission

(bluecircles in Figure B3), oneof which displayed Brɔemission indicative

of strongdissociative shocks(óknot1ô) wheretheshock velocities exceeded

90 km sī1 within a medium of density Ḑ 105cmī3 . Inferred jet proper-

ties included a length of 0.4pc, precession of 17Ǔand electron density of

ne = (4 Ñ1) Ĭ104cmī3 . An extended green object was detected offset

to knot 1 byḐ16ǋǋat aPA of 57Ǔ(Cyganowski et al. 2008).

From the observations presented here, we believe this to be an ion-

ized jet displaying both thermal and non-thermal emission. The thermal

components (B and A1) represent the ionized material closest to the ac-

creting disc, while other components represent working surfaces impinged

uponby the jet, producing ionizing shocks in a magnetic ýeld. The shock

scenario is supported by the extended emission at 4.5Õm which coincides

with the negative-Ŭemission to the East and also the central source, A1.

The position angle of the jet (assuming A1 represents the MYSO itself) is

Ḑ75Ñ4Ǔ(PA of B from A1), to which component D is slightly offset (PA

ofḐ82Ñ2Ǔfrom A1). This may be an indication of precession in the jet,

which (assuming a jet velocity of 500km sī1 and no inclination to the line

of sight) represents aprecession rate of 0.01Ǔyrī1 .

G313.7654-00.8620

Associated with the IRAS point source IRAS 14212ï6131, this object has

a 13 CO outþow detection (Urquhart et al. 2007), CS with linewidths of

5.3 km sī1 (Bronfman et al. 1996), masers (OH and 6.7 GHz methanol)

Figure B4. A map of the spectral index (between 5.5 and 9GHz) for

G310.1420+00.7583A (left) and the associated errors in the spectral index

(right). Therestoring beams(blue) used for both the5.5GHz and 9GHz data

were identical, in the production of the spectral index maps. Grey contours

represent the þux densities at 9GHz starting at 8.0Ĭ10ī5Jy/beam (5ů),

and scaling by a factor of
ã

5 for each subsequent contour.
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Figure B5. The 9GHz radio contours overlaid on an RGB (8.0Õm, 4.5Õm

and 3.6Õm) composite image of existing GLIMPSE data for G313.7654-

00.8620.Contours step up from 3ů(whereů= 1.58Ĭ10ī5Jy/beam by a

factor of
ã

3 per level.

and a mm-core offsetḐ 37ǋǋ(FaËundez et al. 2004)) from the MSX point

source position. Caratti o Garatti et al. (2015) detected 4 knots of H2 emis-

sion which, if tracing a jet, show evidence of aprecession in thejetôsaxis of

32Ǔ. Knot 1 (closest to theMSX point source) hasan inferred electron den-

sity of (1Ñ0.5)Ĭ104 cmī3 , whileknot 4 (most distant) displaysBrɔemis-

sion indicative of strong J-typeshockswith ashock speed ofḐ60km sī1 .

Currently the jet axis is deýned at a position angle of 125Ǔ, with a length

(on oneside) of 1.4pc (Caratti o Garatti et al. 2015). GLIMPSE images (see

Figure B5) show diffuse emission in the direction of the H2 knot 1, an ex-

tendedHII region to thesouth and two point sourceswithin 5ǋǋof theMSX

point source position.

Our observations show at least 7 distinct lobes of emission at both

observing frequencies. The two lobes nearest the mid-infrared source at

5.5GHz, each split into two lobes at the 9 GHz (A1/A2 and B1/B2, see

c 2016RAS, MNRAS 000, 1ï??

Purser et al. (2016)



Polarization

HH80-81 (Carrasco-Gonzalez et al. 2010; 2013)



Mm-wave studies of discs

ÅWe are starting to resolve the accretion discs themselves 

via dust continuum and molecular line emission with the 

Atacama Large Millimetre Array (ALMA)

Å54 x 12m dishes + 12 x 7m dishes on baselines up to 16 

km

Å80 ï700 GHz giving resolution up to 10 milliarcseconds



Bipolar Outflow

Reflected light from blue-shifted lobe 

in near-IR 

Bipolar flow seen in mm-wave 

CO lines



Complex Accretion Dynamics

Å



Goonhilly + e-Merlin

ÅAdd southern dish to give higher resolution and extend 

usage to equatorial fields for joint ALMA studies

Heywood et al. 2011 arXiv1103.1214 



30 m ex-telecomms dishes


